Background. Some patients with thin basement membrane disease (TBMD) develop proteinuria, hypertension and different degrees of CKD, besides the persistent microhaematuria characteristic of the disease. Little is known about factors associated with this unfavourable outcome. Methods. We reviewed clinical, pathological and radiological features of 32 patients with biopsyproven TBMD. Patients were divided in two groups: those with persistent normal kidney function and negative or minimal proteinuria (n = 16) and those with persistent proteinuria >0.5 g/day (n = 16). Results. Patients with proteinuria had a worse kidney function at baseline than those with negative proteinuria. Global or segmental glomerulosclerosis, together with interstitial fibrosis, was found in 37% of patients with proteinuria. All proteinuric patients were treated with renin-angiotensin system blockers. At the end of follow-up (198 months in proteinuric patients and 210 months in patients with negative proteinuria) the prevalence of hypertension was 68% in proteinuric patients (12% at baseline), compared with 12 and 6%, respectively, in non-proteinuric patients. A slow decline of renal function was observed in proteinuric patients, although no patient developed endstage kidney disease. Ultrasound studies showed bilateral kidney cysts in nine patients (56%) with proteinuria. Cysts were bilateral and countless in six patients, and bilateral but with a limited number of cysts in the three remaining patients. No cysts were found in patients with negative proteinuria. Conclusions. Some patients with TBMD develop hypertension, proteinuria and CKD. Multiple bilateral kidney cysts were found in a majority (56%) of these patients. Further studies are needed to investigate the pathogenesis and the influence on long-term outcome of this TBMD-associated multiple kidney cysts.
Introduction
Thin basement membrane disease (TBMD) is characterized by diffuse thinning of the glomerular basement membrane (GBM) [1, 2] . It accounts for a majority of familial persistent microhaematuria and some studies suggest that its prevalence can be remarkably high, affecting >1% of the general population [1] [2] [3] [4] [5] .
Mutations in COL4A3 or COL4A4, the genes that codify for α-3 and α-4 chains of type IV collagen are the cause of the disease and such mutations are similar to those reported in autosomal recessive Alport syndrome [6] [7] [8] . It is thought that TBMD patients can represent heterozygote forms of these genetic abnormalities, since patients presenting mutations in both alleles of COL4A3 or COL4A4 develop a complete autosomal recessive Alport syndrome [6] [7] [8] [9] [10] .
Clinically, TBMD is characterized by persistent microscopic haematuria and initial clinical studies depicted an excellent prognosis [1] [2] [3] [4] [5] . However, more recent publications have shown that hypertension, proteinuria and renal function impairment can appear in a significant number of cases [11] [12] [13] . In some series, proteinuria was found in 60% of the patients and it was >0.5 g/24 h in 5-10% of them [14] . Renal function impairment was clearly associated with the presence of proteinuria [11] [12] [13] [14] .
The risk to develop proteinuria and renal failure in TBMD has been shown to be associated with some specific mutations in COL4A3 or COL4A4 [15] . From a clinical point of view, however, no predictive factors associated with these unfavourable complications have been identified. On the other hand, many patients presenting with isolated microscopic haematuria whether or not accompanied by low-grade proteinuria are not submitted to a kidney biopsy. As a result, many patients with TBMD remain undiagnosed and the true incidence of proteinuria and renal function impairment in TBMD is unknown. In this context, a review of the clinical characteristics and outcomes of patients with biopsy-proven TBMD and long-term followup could provide important information about factors associated with the appearance of proteinuria and chronic kidney disease (CKD).
We reviewed all the patients who had received a biopsyproven diagnosis of TBMD at our hospital. Those patients with a proteinuria persistently >0.5 g/day, either at presentation or during follow-up, were identified. Their clinical characteristics, radiological findings and long-term outcomes were compared with those of a group of patients with biopsy-proven TBMD who did not develop proteinuria throughout their clinical course.
Methods

Patients
All the patients with a biopsy-proven diagnosis of TBMD in our Hospital were identified. After the performance of renal biopsy, all the patients have been regularly visiting our outpatient clinic, at intervals of 6-12 months. TBMD patients were divided into two groups: those who presented with or had developed persistent proteinuria >0.5 g/day during follow-up (n = 16) and those without proteinuria (n = 16).
Data collection
The following data both at baseline and during follow-up were recorded: blood pressure, serum creatinine, eGFR, proteinuria and urine sediment. All of the treatments received by every patient throughout follow-up were recorded.
Ultrasound studies performed during follow-up were reviewed: kidney size, the presence of renal cysts as well as their number and size and the presence of urolithiasis were recorded. Renal biopsies were reviewed in the present study and the following histological data were recorded: number of segmental or global sclerosed glomeruli, severity of mesangial proliferation and interstitial fibrosis, podocyte effacement and GBM width on electron microscopy studies. For the measurement of GBM thickness, a minimum of five capillary loops were studied. Ten transverse measurements between epithelial and membranes were performed on each loop in areas away from the mesangium. Those areas with no sharp outlined membranes were discarded. The severity of interstitial fibrosis was graduated between 0 and +++ (absent, mild, moderate and severe).
Definitions
The diagnosis of TBMD was established by the presence of diffuse thinning of GBM (mean GBM thickness <264 nm) and no images of GBM splitting or thickening were found on electron microscopy studies [16] .
The presence of a blood pressure over 140/85 was considered hypertension. Nephrolithiasis was defined by the finding of kidney stones in radiological examinations or history of passing calculi. Follow-up was defined as the interval between renal biopsy performance (baseline) and the last visit, lost to follow-up or development of end-stage kidney disease (ESKD). ESKD was defined by an estimated glomerular filtration rate (eGFR) <15 mL/min/1.73 m 2 or the need of kidney transplantation. eGFR was calculated by the Modifications in Diet and Renal Disease four-variable equation.
Statistical analysis
Normally distributed variables are displayed as mean ± SD and compared using the t-test, one-way ANOVA or Pearson correlation coefficients. Proteinuria is expressed as median (range). Categorical variables are expressed as percentage and compared with the χ 2 test. Loss of renal function (eGFR), expressed in mL/min/years, was calculated in every patient.
A P-value of <0.05 was considered significant. Statistical analysis was performed with the SPSS software (version 17.0 for Windows).
Results
Baseline characteristics
Baseline clinical characteristics of TBMD patients with and without proteinuria are shown in Table 1 . Patients with negative proteinuria were younger, although this difference did not reach statistical significance. Kidney function was lower in proteinuric patients, with a serum creatinine significantly higher and a lower eGFR. Three patients with proteinuria presented an eGFR <60 mL/min/1.73 m 2 at baseline (two with CKD Stage III, one with CKD Stage IV), whereas all patients with negative proteinuria showed an eGFR >60 mL/min/1.73 m 2 . Proteinuria was already significantly higher at baseline in proteinuric patients. Ocular abnormalities or sensorineural deafness were not detected at presentation in any patient. Familial history of microscopic haematuria was reported in 15/16 patients with proteinuria and in 14/16 patients with negative proteinuria (Table 1) . Table 2 summarizes the main histological findings in patients with and without proteinuria. The finding of glomerulosclerosis lesions (segmental or global) was significantly higher among patients with proteinuria (37 versus 0%). Interstitial fibrosis was exclusively found in proteinuric patients.
Kidney biopsies
Final outcome
As shown in Table 3 , the mean follow-up was 198 months in proteinuric patients and 210 in those patients with negative proteinuria. All of the patients in the proteinuric group were treated with angiotensin converting-enzyme inhibitors (ACEIs) or angiotensin receptor blockers (ARBs), whereas only two patients with negative proteinuria received these drugs. The percentage of hypertensive patients significantly increased among proteinuric patients (from 12% at baseline to 68% at the end of follow-up) and kidney function showed a slow decline throughout follow-up [baseline serum creatinine and eGFR 93.70 ± 32.70 µmol/L (1.06 ± 0.37 mg/dL) and 88 ± 38 mL/min/1.73 m 2 , respectively, and 115.80 ± 62.76 µmol/L (1.31 ± 0.71 mg/dL) and 74 ± 39 mL/min/1.73 m 2 , respectively, at the end of follow-up]. CKD progressed from Stage I to II in one patient and from II to III in four patients. The mean slope of eGFR loss was −2.46 ± 6.78 mL/min/1.73 m 2 /year. Proteinuria at baseline and at the end of follow-up were similar, probably influenced by ACEI/ARB treatment.
In patients with negative proteinuria, the percentage of hypertensive patients was 6% at baseline and 12% at the end of follow-up. As shown in Table 3 , serum creatinine concentrations remained stable. CKD progressed from Stage I to Stage II in three patients, but no patient had progressed to Stage III at the end of follow-up.
No patient reached ESKD nor received a kidney transplantation. No ocular abnormalities, deafness or other extrarenal complications were detected throughout follow-up.
Radiological findings
A majority of patients with proteinuria showed multiple kidney cysts on ultrasound abdominal examination ( Figure 1 ). Bilateral kidney cysts were detected in nine patients (56%) with proteinuria, whereas no patient with negative proteinuria showed kidney cysts or other radiological abnormalities (P = 0.002). Individualized main radiological findings in patients with TBMD and proteinuria are shown in Table 4 . Multiple and bilateral renal cysts were found in six patients, and the other three patients showed a limited number of cysts. Normal size kidneys were observed, with the exception of Patient 1 (Table 4) , who showed multiple and bilateral kidney cysts with a kidney length pole to pole of 15 cm in both kidneys. Kidney size was slightly reduced in those patients with a more advanced CKD. When comparing proteinuric TBMD patients with or without kidney cysts, we found that patients with cysts were significantly older than those without cysts (Table 5) . Kidney function tended to be worse in patients with cysts, both at baseline and at the end of follow-up, At the end of follow-up. Thin basement membrane disease 253 when compared with patients without cysts, but these differences were not statistically significant. Nephrolithiasis (kidney lithiasis in radiological examinations and/or history of passing calculi) was found in six patients (18%), four of them with proteinuria (25%) and two without proteinuria (12%).
Discussion
Our study reports, for the first time, that a significant number (56%) of TBMD patients with proteinuria and CKD shows bilateral renal cysts, compared with TBMD patients without proteinuria.
TBMD accounts for a great majority of the so-called familial benign haematuria. Earlier studies reported an almost uniform long-term favourable prognosis in patients with biopsy-proven TBMD [3] [4] [5] 19] . Later studies [11] [12] [13] [14] showed that some TBMD patients can develop proteinuria and CKD and, consequently, some authors have proposed to abandon the term familial benign haematuria [15, 20] . The results of our study are in agreement with such considerations, since 16 out of 32 patients (50%) with biopsy-proven TBMD developed proteinuria, hypertension and different stages of CKD. However, it should be considered that the true incidence of proteinuria and CKD in TBMD patients is unknown and probably overestimated, taking into account that kidney biopsies are not usually performed in patients with persistent microscopic haematuria unless proteinuria or kidney function impairment develops.
The reasons for some patients with biopsy-proven TBMD to maintain persistent microhaematuria with a normal kidney function and minimal or negative proteinuria, whereas others show a progressive proteinuria and kidney function decline, are not known. Some specific mutations in COL4A3/COL4A genes have been associated with the appearance of proteinuria and CKD in TBMD [15] . On the other hand, some studies [21, 22] have suggested a role of some genetic modifiers, like the R229Q mutation in NPHS2. ); GBM, glomerular basement membrane; RK, right kidney; LK, left kidney Table 5 . Differences between TBMN patients with and without multiple kidney cysts Most of the renal biopsies performed in TBMD patients with proteinuria and CKD have shown different types of focal segmental glomerulosclerosis lesions [11] [12] [13] [14] [15] . In agreement with these studies, we found global or segmental lesions of glomerulosclerosis in six (37%) of our TBMD proteinuric patients, whereas patients with negative proteinuria showed an almost normal histology, with the exception of the characteristic diffuse thinning of GBM on electron microscopy.
It is important to stress that, in the absence of electron microscopy studies, many patients with TBMD can receive an erroneous diagnosis of focal segmental glomerulosclerosis. Suspicion of TBMD should be raised by the presence of persistent microscopic haematuria, and the finding of haematuria in other first-degree relatives should reinforce such suspicion. Some authors have pointed out that TBMD can be an important cause of CKD and even ESKD, given its remarkable prevalence among the general population [23] . A better knowledge of its different phenotypes and presentations would help with the differential diagnosis of TBMD with IgA nephropathy, focal segmental glomerulosclerosis and other chronic glomerulonephritis that can also present persistent microhaematuria, nonnephrotic proteinuria and progressive CKD.
Our finding of a remarkable prevalence of renal cysts in TBMD patients with proteinuria could help when making such a differential diagnosis. More than a half of our proteinuric TBMD patients (9/16, 56%) showed bilateral kidney cysts that were multiple and countless in six of them. In fact, one patient (Patient 1, Table 4 ), who had a kidney volume slightly above normal values, had received a tentative diagnosis of polycystic kidney disease superimposed to TBMD. The absence of progressive kidney enlargement on subsequent echographies and of a familial history of polycystic kidney disease made this diagnosis unlikely. Normal size kidneys were observed in the remaining patients, although those with more advanced degrees of CKD had slightly reduced kidneys.
Ultrasound morphology of kidney cysts was similar to that of simple cysts, with thin, regular walls and absence of masses or haemorrhages in their inside (Figure 1) . A wide range of cyst sizes was observed, the largest ones achieving 4.5-7 cm (Table 4) . Unfortunately, ultrasound studies in our patients were performed at very different intervals after kidney biopsy, and repeated examinations at regular intervals were performed in only some cases. Hence, we cannot provide a precise report of cyst appearance and growth.
Pathogenesis of these TBMD-associated kidneys cysts is unknown. The prevalence of isolated kidney cysts in general population increases with age and can be observed in >30% of people >70 years of age [24, 25] . However, bilateral cysts are much less common and are particularly rare in subjects <50 years of age [24, 25] . Therefore, the striking prevalence of bilateral cysts (56%) among our proteinuric TBMD patients, whose age at the end of follow-up was 49 ± 15 years, is clearly higher than that in the normal population. However, we found that proteinuric TBMD patients with cysts were significantly older than those without cysts (Table 5) , thus suggesting an influence of ageing on the appearance or enlargement of kidney cysts in our patients.
Remarkably, no TBMD patient with negative proteinuria or CKD showed cysts, suggesting a possible link between kidney cysts and such complications. Simple kidney cysts have been related to the appearance of hypertension and prehypertension [26] . The prevalence of hypertension among our proteinuric patients (more than a half of them having kidney cysts) increased from 12% at baseline to 68% at the end of follow-up, whereas these percentages were 6 and 12%, respectively, in patients with negative proteinuria. However, there were no significant differences in the prevalence of hypertension between proteinuric patients with or without cysts (Table 5) .
Our study is the first formal report of multi-cystic kidneys in TBMD. Pierides et al. in a genetic and clinicopathological study of 11 large Cypriot pedigrees [20] found multiple kidney cysts in many older patients in four of the pedigrees, but a precise description of the prevalence of cysts or their possible association with proteinuria or CKD was not given.
Further studies in larger cohorts of TBMD patients are needed to confirm our findings and to investigate the possible existence of other genetic mutations associated with cyst formation. Interestingly, kidney cysts, renal function impairment and haematuria have been reported in patients with mutations in the COL4A1 gene, encoding for the α1-chain of type IV collagen. Mutations in this gene cause a systemic phenotype characterized by hereditary angiopathy, nephropathy, aneurysms and muscle cramps (HANAC syndrome) [27] [28] [29] .
We found a remarkable prevalence of nephrolithiasis among our patients: renal stones in abdominal ecographies or history of passing calculi were detected in six patients (18%). A previous study of our group [16] reported an association of TBMD with hypercalciuria, hyperuricosuria and nephrolithiasis. Interestingly, some studies have reported an association between renal cysts and nephrolithiasis, perhaps as a consequence of intratubular obstruction with crystals [17, 18] . However, as shown in Table 4 , we found no relationship between the presence of cysts and nephrolithiasis in the present study.
Finally, another interesting finding of our study was the very slow progression of those patients with proteinuria or CKD. All of them were treated with renin-angiotensin system blockers and regularly controlled along a longterm follow-up (a mean follow-up of 16.5 years). None of them achieved ESKD and the mean slope of eGFR loss was −2.46 ± 6.78 mL/min/1.73 m 2 /year. This relatively encouraging outcome would agree with recently published studies showing a clear beneficial effect of ACEI or ARB on patients with Alport syndrome [30] .
In conclusion, we found a remarkable prevalence (56%) of multi-cystic kidneys in patients with TBMD, showing proteinuria and CKD. In contrast, no cysts were detected in TBMD with normal kidney function and negative or minimal proteinuria. Further studies are needed to characterize the pathogenesis and the possible influence of these cysts on TBMD outcomes.
